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Abstract

As IYLviouslV described, the cells, fult.... from

the ometun of BSA-sensitizc rabbits and grown in a

special culture me(iun were sh to contain antibody
to the ant ce:n, as detccted < the fluorescent antibody

techoiqbo. The cells ,,ere posslbly originated in the

re...ulum cells and cermed "omentum cells"; and they

seeQ4ed useful for the stidy of cell-bound antibody.

The cell-bound antibody was separated from the cell

extrActs or culture fluid medium and partially purified

by ftactonation with ammonium sulfate followed by gel

fitzaion with Sephadex G-20 or oy sucr'se density

cra dicut centr~iugaton; and the presence of antibodies

of 7S and 19S classes was confirmed.

The cell-bound 19S antibo&y was found to h vn a

characteristilc ability to sensitize the homologous skin

(rabbi skin) and to cause intensively the passive

cuteneo s Arthus reaction and :evezsed passive Arthus

T_,dctio in rabbit skin. Such biologic activity was

found appa e:<tly less marked or neglig:.ble when the
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cell-bonU. 7S antibody osc serun 7S ai,. 195 antibody

vere assayed similarly in the rabbit skin. Further

purification of cell-bound 195 antibody is being

advanced.
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The Study of Cell-Bound Antibody: Further

Demonstzation of Antibody in Omenttun Cells

in Culture



In previous studies, it was asco: ; . ; h

cells, cultivated from the omentum of viv cr.,a

albumin-sensitized rabbits and grown in our special

culture medium,*contained antibodies to bovine serum

albumin, as detected by fluorescent antibody technique;

and they showed characteristic morphologic changes

affecting the cell membrane and ground cytoplasm when

the antigen was introduced into the culture (1 - 5).

The zntigen-induced morphologic changes in the cells

were associated with some biochemical changes; for

instance, activation and release of a specific sulfhydryl-

dependent protease (termed Arthus proteaso) and its

inhibitor of peptide nature (6, 7). The activation of

Arthus protease in the cells seemed correlated with

production and release of histamine and specific vascular

permeability factor of peptide nature (termed Arthus

permeability factor) (8, 9). The cells were convention-

ally called "omentum cells". Arthus protease and its

inhibitor were recovered in the euglobulin fraction

prepared from the Arthus skin lesions, and Arthus perme-

ability factor in the pseudoglobulin fraction prepared;

and all these substances were highly purified; and their
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significant rol in %he Axthus skin lesions were con-

firmed (10 - 12).

The present paper describes further confirmation of

antibodies of 7S and 19S classes in the omentum cells

of such biologic significance in c ulture.

Materials and Methods

Proce,'urcE of Sens4tization:

Male albino flbbit (1.8 - 2.0 kg) bred in our

laboratory were used. 0.5 ml. of bovine serum albumin

(BSA, recrystallized twice, 20 mg. per ml. in saline;

Armour), muixedI with 7.n equal volume of Fround' s

complete adjuvant, was injactc! intramuscularly in

the skin of the back of the trunk of the animals.

Ten or twenty injections (once per week) were given.

Un the 7th day after the last injection, each animal's
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serum antibody was determined by an indirect hemagglut-

ination test (13). Only animals with titers of over

30 x 215 were used.

Cultivation of Omentum Cells:

In earlier studies (14), mononuclear cells (histio-

cytes) of the peritoneal fluid of sensitized rabbits

were selected because of their high antibody content.

In the present work, "omentum cells" from the omentum

pieces were used because of their easier cultivation

and better grow th.

Details of the methods for omentum cell cultivation

have been given in previous papers (2, 15, 25). The

explants, 1 mm. in diameter, were prepared from the

omentum of sensitized or nonsensitized animals. Fluid

medium was composed of horse serum, 5 per cent lact-

albumin hydrolysate (Nutritional Biochemicals Corpora-

tion) in Gey's buffered solution, and Gey's fluid in a

ratio of 1:1:8. and adjusted to pH 7.2.

After 3 - 4 days, almost every cell in each culture

was omentum cell. Observation of cultured cells was
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made with a Tiyoda Phase contrast microscope. The

numbers of cells were counted by the method of Katsuda

(16) with 0.1 M citric acid containing crystal violet

in a concentration of 0.02 per cent. The cell numbers

were generally 30,000 (+ 3,000) per culture. Only

cultures showing such ziinilar growth conditions were

used in the present work.

Prepat 'iono.Cell Extrac ts:

Shortly after sufficient washing (three times) with

buffered saline, the cells (3 X 106 in general) were

suspended in 3 - 5 ml. buffered saline (0.15 M, pQ 7.8).

After homogenizing for 5 - 7 min. in the cold, the

cells were extracted with 3 ml. buffered saline for 16

hrs. After centrifuge at 30,000 r.p.m. for 10 min.,

the supernatant fluid was used as the cell extracts.

Preparation of E lobulin Fraction from Cell Extracts:

From the cell extr.cts (5 - 8 ml), euglobulin
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fraction was preparcd with sodituD suP -ate at 18 per

cent saturation (17), and ,ialysed u-ainst phosphate

buffer (0.01 M, pH 8.0). Euglobulin fraction was also

prepared from culture fluid medium (80 m!) with a~monium

sulfate at 35 per c-nt saturation.

EXperimental Raeults

Detailed morphology of omentum cells in culture has

been given in a previous paper (2, 15). There were

observed spindle-and reticular type cells (Fig. i).

No other cell types were fourd in each cultuxe. Since

the spindle-ty-pe cells were oft-n observed to have

changed to the reticular-type cells under the phase

contrast microscope, i. seemed reasonable that there

cells were essentially identical and came from the same

precursor cells of the omentum, perhaps reticulum cells.



1. Demonstration of Antibodies in Cell Extract and its

Bunlobulin Fraction:

The antibody titers of test samples were measured

by the indirect sheep red cell agglutination method of

Poyden (13).

As s...ariz in Table 1. the antibody to BSA was

first detocted in the c-1i extracts as well as culture

fluiri mediut, indicating the extracellular release of

the antibody d:uring the cultivation. The antibody

was simmilarly concentrated in the eugIobulin fractions

prepared from the t'1o sources. No antibody was detected

with all the niples c d from omentum cells of

non.5nzitized normal rabbits.

2. Aemcnstration of Antibodies of 7S and 19S Classes

in Cell Extract and ibulinration

Elution on jej.hadEj G-200:

After dialysing agains ST s C- l b5 ffey (0.1 M,

pH 8.0', 2 ml. of eugLouiin fraction described above
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was -luted through a column (2 x 100 cm.) of Saphadex

G-20O (Pharmacia) (18). The rate of flow was 30 ml.

per hour: and 4-g efflient fractions were collected.

The concentration of euglobulin fraction from cell

extracts was 7.1 mg per ml. and that of the protein

fraction from culture fluid medium was 28.7 - 33.4 sq.

per ml. Concentration of protein fractions was made

by dialysis against 20 per cent polyvinyl pyrolidone.

The same type of experiments was carried out with auglo-

bulin fractions of omentum cells of nonsensitized normal

rabbits.

As illustrated in Fig. 1, the presence of antibody

was revealed in the chromatographic patterns associated

with 7S and 19S fractions, though the hemagglutination

titers were in particular very low in the euglobulin

fract.ion from the cell extracts. Higher content of

antibody in the culture fluid medium indicated that the

extracllular release of antibody occurred during the

culJvation of omentum cells.
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3. Demonstration of Antibodies of 7S and 19S Classes

in Cell I "tract and its Eu lobulin Fraction:

b it Gradient:

Euglobuln fraction from culture fluid medium was

used because of its higher antibody content. The

protein fraction was dialysed against 5 per cent sodium

chloride for 16 hrs. 0.5 ml. protein fraction (at c~n-

centration of 32.n mg. per ml.) received a sucrose

density gradient centrifugation (19). Concentrations

of proteins were recorded as the absorbancy, E, at

280 MY.

As illustrated in Fig. 2, the presence of antibody

was demonstrated in the patterns associated with 7S

and 19S fractions. The observations closely resemblea

those on euglobulin fractions after elution on Sephadex

G-200. Hemagglutination titers cf ,3 fractions were,

as a rule, much higq'r than those of 195 fra tIs.
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Discussion

As previously described (1, 2, 15), our "omentum

cells" in culture were clearly different from plasa

cells; the cells seemed to originate from the reticulum

cells in thQ omentum tissue. Immuno-histochemical

examination of the tissue not subjected to the cultiva-

tion revealed the presence of specific fluorescence in

the "omentum cells" and plasma cells (3), but plasma

cells were found to disappeared, due to their degener-

ative change, very shortly after cultivation. The

detection of the antibody in the cell extracts indicated

that the antibody was undoubtedly associated with the

omentum cells, but not with the plasma cells, because

the cells extracts were prepared from cultures in which

plasma cells were not observe,-1.

It was very interesting to note that the omentum

cells contained antibodies of 7S and 19S classes.

These antibodies were in part released from omentum

cells during the cultivation, as revealed in the culture

fluid medium; an. it was suggested that the antibody
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might be detected in the body fluid. Recently, Juhasz

and Rose (20) and Juhasz and Richter (21) demonstrated

the presence of 7S and 19S type antibodies in a fluid

medium of cultures of lymph nodes from rat albumin-

sensitized rabbits. The cellular origin of these anti-

bodies was difficult to determine, because of complicated

cell population of the lymph ncde in culture.

The cytophilic antibody of Boyden and Sorkin (22, 23),

behaving as a 7S globulin, failed to sensitize gunia pig

skin in passive cutaneous anaphylaxis (P.C.A.). The 7S

type antibody of omentum cells showed no P.C.A. in rabbit

skin, but the 19S type antibody was very active in in-

ducing the P.C.A. (24), indicating its specific biologic

function. The biologic properties of the cell 19S

antibody will be described in a separate paper.

Summary

The cells, which were cultivated from the omentum of

BSA-sensitized rabbits and grown in a special culture
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medium, were shown to contain antibodies of 7S and 195

classes; the separation of each type of antibodies was

performed by gel filtration (with Sephadex G-200) or

sucrose c._nsity gradient centrifugation of cell extracts

and culture fluid medium. The -ells seemed to or .inate

from the reticulum cells of the omentum and we-e termed

"omentum cells". They secmeC very useful for the study

of cell-bound antibody.
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APPEN'DIX "A"

A n t i bo dy t i t e r s

Group of Cell Eugl.cell Cult. Eugl.cul. Serum
rabbits exp. exp. med. med.

Sensitized 5 6 7 8 0 5

A 2 2 2 2 0 x 21

Bestzd , 1 1Sensitiz-ed28 821

S t it. 2 2 30 w 2

Nonsensitized

D 0 n.t. 0 0 0

Table 1, Demoistration of antibody in cell extract or

culture fluid medium and in their euglobulin

fractions. Assayed by indirect hezagglu':ination

test.

ext.: extract. euil. - cuqlobulin. Cult. mod.:

Culturo Incdiwu.

Cell extract: 4.2 mgil. ; its euglobulin: 8.5 mq/m].

Culture mediu: 2im g/m!; its eugloul-in: 31 mg/mi.
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APPENDIX "B"

-- '4" 2 '  -~

.- MO

Fig. 1. "Omcntum calls" in 4 day old culture. There

were observoc spindle-and reticular-type coils;

no other cell types were found. They wero assen-
tially identical and perhaps cawc from tha same
precursor colls of the onentump the roticulum

cells. Detailed morphology has been previously
given (2, 15, 25).
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APPENDIX "C"

Yubv number

q4.. 2. Ant-' *oxies of Culture? fluid Medium on Sepbadex

u-Q0 Euglobulin, prepared from culture fluid

medium, was ol -;, 21h :ouqh Sephadex G--200 column.

19S antibody, fractio.a in the first coluxtn.

'.S antibody fraction in thc second column.



APILNDIX '"

Cel e .oc -,-, SL.pr C.vtQnt -tGobui'n fracton - ,

5Q2

501
5.I 256

'28

i i 6

1'

BO tcor) 10 Top
Tube rlumber

3 '50,0 -pni 16 h, 14)'C

-Simlo' result obtaned by gel filtaton with SePhadex G-200

Fig. 3. Antibodies of Cell Extracts on Sucrose Density

Gradient Centrifugation. Euglobulin, prepared from

cell extracts, received a sucrose density gradient

5ntrifugation (375,000 r.p m., 15 hrs. 20C).7S

n antibody fraction i -the first colutn.

antibody fraction in tho second coluwac.
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The Study of Cell-Bound Antibody- The Biologic

Properties of Antibodies in Omentum Cells in Culture



In previous studies (I - 4), we demonstrated the

pres*nce of antibodies of 73 and 19S classes in the cells

(teri'd 'mentum cells") whic, were cultivated from the

omentum of BSA-sensitized rabbits and grown in a special

culture medium; and these antibodies were extracted from

the cultured cells and partially purified.

The biochemical changes by the antigen in the cultured

cells were characterized by the rapid activation of a

spcific SH-dependent protease (termed "Arthus protease")

which was associated with the release of histamine and

Arthus pexmeability factor of peptide nature (5 - 9).

The qucstlon of which antibody in the cells was responsi-

ble for the biochemical changes described above hars not

yet been clarified.

The present report deals with the particularly signi-

ficant action of 19S type antibody extracted from the

cuentum cells, as shown in form of skin fixability in a

homologous animal.
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Materia?' s and .-Sethods

Seration of Ant ibodies:

Details of procedures for sensitization of rabbits

with BLA, cultivatic-2 of caentuU cells and extraction

of antibodies all have 6een given in previous papers

(2, 4, 10).

From the fluid medium of 3-4 day old cultures, euglo-

bulin fraction was prepareo with ammonium sulfate at

35 per cent saturation, and suspended in Tris-HCI buffer

(0.1 M, pH 3.0) at a concentration of 40 mg. per ml.

Four r' cf the protein fraction was passed through a

column (4 x 100 cm) of SQphadex G-200 (Pharmacia) (11).

The flow rate was 30 ml. per hour and 6-g effluent

fractions were collected; and effluent fractions were

analysed, particuli&ly by ultraviolet light absorption

at 280 my; and there were: obtained two chromatographic

components. The first component contained 26 class
7S'

antibody and the second component contained k4 class

antibody when assayed by an indirect sheep red cell

II - 3



agglutination test (12).

Separation of 19S class antibody fraction from

rabbit's antisera was performed following the method

of Vaerman et al (13) utilizing sucrose density gradient

centrifugation or Sephadex G-200 filtration. Separation

of 7S class antibody fraction from rabbit's antisera was

made by the method of Kapusta and Halberstam (14); and

the protein fraction after chromatography with DEAE-

cellulose was used. Purity of these antibody fractions

was examined immuno-electrophoretically (15).

Induction of Passive Cutaneous Anaphylaxis (P.C.A. }:

This was essentially performed following the method

of Ovary (16). Before the test on rabbit skin, all the

antibody fractions were dialysed against physiological

saline. 0.1 ml. of each antibody fraction was intra-

dermally injected on the clipped flanks of rabbits

(2 - 2.2 kg.). At 5 and 30 minute, 3, 6, 12, 48 and 72

hour intervals after injections of antibody fractions,

BSA (12.5 ag. per animal) was intravenously adminis-

trated simultaneously with pontamine blue (60 sg. per
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kg), and 30 min. later the animals were sacrificed.

Hemaggutination titers of each antibody fraction

injected were 26 in general. The intensity of passive

cutaneous Arthus reaction was quantitatively expressed

in terms of exuded dye extractable from the skin sites

in rabbits (17).

In control experiments, 7S or 19S globulin fraction,

similarly prepared from nonsensitized normal omentum

cells, was used instead of antibody fractions.

Induction of Reversed Passive Arthus Reaction:

Ai various intervals after intravenous injection of

ISA (12.5 mg. per ml.), 0.1 ml. of antibody fraction

(26 in the indirect heuagglutinin titers) was intra-

djarmaUy injected in the clipped flanks and pontamina

blue (60 sq. per kg) was injected intravenously; and

30 an. later exuded dye was extracted from the injected

skin sites (18). The intensity of roversed passive

Arthus reaction was shown by the amount (ig) of the

extracted dye.

In control experiments, 7S or 19S globulin fractions,
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similarly prepared from nonsensitized nor-al omentum

cells, was utilized instead of antibody fractions.

r Eimental Results

I. Passive Cutaneous Anaphylaxis by Different Anti-

bodies from BSA-Sensitized Rabbits:

The intensity if passive cutaneous Arthus reaction

in a homologc',s animal (rAuoit) was shown ay the amount

of dye extracted tfr'm tbe skin sites.

Ai *urwtarizud in Table I, 19$ antibody fraction,

p t'eLD e from cultured omentun cills. was very active

in inducimg paisive cutaneous Axthus reaction in the

rabbit s1in, but the effects of other antibody fractions

fsom ':-ultuxed cells or from antisera all were only mild.

N~eti rsu ts weov obtained with 19S globulin

fraction, iso.ted frcc. norsensitized normal *eQn Vt

cells a: p ei at t ' f:awe concentration. It ws



thus reasonably indicated that the 19S class antibody

of sensitized omentum cells had a strong ability to

cause passive cutaneous Arthus reaction in a homologous

animal, i.e., rabbit.

Furthermore, it was confirmed that the effects of

sensitization of rabbit skin with the cellular 19S

antibody for induction of passive cutaneous Arthus reac-

tion became apparent at one hour after irntradermal injec-

tion of the antibody, reached its peak at three hours

after the injection and declined thereafter. Such

relatively rapid sensitization of the rabbit skin with

the cellular 19S antibody seemed to characterize the

antibody.

I. Reversed Passive Arthus Reaction by Different

Antibodies from MS-Sensitized Rabbits:

The reversed passive Arthus reaction in the rabbit

skin, induced by different antibodies of BSA-sensitized

rabbits, was compared in the intensity of vascular

permeability chnges in the reaction sites. The intonsity

of the permeability, changes was shown by the amount of

*1. _



the e:t:acted dye.

As illustrated in Fig. 1, the permeability change

due to the cellular 10S antibody clearly appeared most

active; and the change was eliphasic - immediate and

delayed. The immediate respcnse -as clearly transient

and declined within 10 min., but the delayed response

was far more intense and pro!onrd; the response reached

its peak in about 2 hrs., declined gradually therafter,

and disappeared in about 3-4 hrs.

On the other hand, the permeability change by the

cellular 7S antibody was less marked; the immediate

response was almost negative. Similar but less marked

perneability change was also recognized at the skin

sites injected with the serum 7S antibody; the immediate

response was clearly negative. The serum 19S antibody

failed to cause any vascular permeability change in the

rabbit skin. Furthermore, negative results were obtained

with 7S and 19S globulins from nonsensitized normal

omentum cells o= from the sera of nonsensitized normal

rabbits.
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DI scussion

The cells ("amentum cells"), cultivated from the

omenttm of BSA-sensitized rabbits and grown in a

special culture medium, were shown to contain anti-SA

antibodies of 7S and 19S classes (1 - 4). The observa-

tions Just presented indicated the characteristic

properties of the cell-bound 19S antibody.

When assayed for inducing passive cutaneous Arthus

reaction in the skin of homologous animal (rabbit skin),

the effects of the cell-bound 19S antibody were appar-

ently striking; and the sensitization of the rabbit skin

with the antibody seemed to reach its peak at about 3

hws. after the intradermal injection (Table 1). In

contrast to the delayed sensitization of rabbit skin

with serum antibody (IA) of Zweifler and Becker (19)

and Onoue et. al. (20), such rapid sensitization with

our cell-bound antibody seemed very important.

Furthermore, when assayed for inducing the vascular

permeability changes in the reversed passive Arthus

reaction in the rabb# skin, the effects of the
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cell-bound 19S antibody were alsd very active; and the

permeability changes appeared diphasic; the immediate

and delayed response. The time course of the permea-

bility changes closely resembled those seen in an active

Arthus reaction (18), indicating the biologic signifi-

cance of the cell-bound 19S antibody.

It was very interesting to note that the immediate

vascular response was not induced by the cell-bound 7S

antibody or the serum 7S and 19S antibody; such negative

observations with these antibodies appeared to be rea-

sonable because the immediate vascular response essen-

tially seemed identical with that in the passive

cutaneous Arthus reaction. These antibodies also failed

to cause the passive cutaneous Arthus reaction in the

rabbit skin (Table 1).

As described above, the cell-bound 19S antibody was

shown to have a previously undescribed property on

characteristic sensitizaton of the homologme skin.

Further study of purification of the cell-bond antibody

is being performed in this laboratory.
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summary

Th cells. 7rw in culture from the oentur of BSA-

sensitized rabbits, contained antibodies of 7S and 19S

classes. The cell, ktermd 7omen-t= cells") were

possibly originated in the reti'tulum cells of the oen*tum.

The cell-bound 195 class antibody h.d a chazacteristic

ability to s nsitize the homologous (rabbit) skin arnd

its biL ogic significauice was briefly discussea,

II
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APPENDIX "A"

Latent Period

San pIes minutes hours

used F .. 7 T

30 60 2 3 12 48

Extracted dye (ug)

Cell 19S -  2.1 6.8 15.0 79,7 2.5 1.5

Cell 7S* 1.5 3.2 4.0 3.9 1,4 2.0

Serum 19S* 1.9 1.9 1.6 1.9

Serum 7S* 3.5 3.6 2,3 1.6

Cell 19S gl.** 2.2 2.5

Cell 7S gl.** 1.7 16

Table 1. Passive cutaneous Ak?).-us react 'l by different

antibodies, The intensity is shown by the amount

(yq) tf extracted dye. Latent Periods mean the

time intcrvals after intradermal antibody,

Cell 7S, 19S; extracted fror 4ensitized cells.

Cell 73, 19S 91.: cxtract J from nonsenstized

normal cells. 3ertm S", 19S: isolated from anti-

sera of sensitizc , ( b1ts. The values represent

the average of severai determina ions.

tested at the sarae hemagglutin n titers of each

antibody fraction ( 2 ).

* tested at the same concentration as that of the

cell 7S and 19S antibody idL.ctions (0.3 mg/ml.).
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APPENDIX "B"

31~

, 20-

• -- e C ll 9S 64X).. ........ eum 1 5( 4

10

1 10 2

Age of lasaction

o - o Cell 1S(64X ) 0 ...... *Serum 7S(64X)

Fig. 1. Vascular Permeability Changes in Reversed Passive
Arthus Reaction by Cellular and Serum Antibodies.

Each samoe was p epared to give the same indirect

homagglutination titers before test. The intensity

of the permeability change is shown by the amount

of extracted dye.
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